Our molecular-based formalism for infinitely dilute supercritical nonelectrolyte solutions is extended to electrolyte solutions by establishing rigorous connections between the microscopic behavior of the solvent around individual ionic species and their macroscopic solvation behavior. The formalism relies on the unambiguous splitting of the mixture's properties into short-ranged ͑finite͒ and long-ranged ͑diverging͒ contributions, associated with the corresponding solvation and compressibility-driven phenomena, respectively. The salt ͑solute͒ and solvent's residual chemical potentials are linked to the change of the local solvent's environment around the infinitely dilute anion and cation, and the salt partial molar properties are interpreted in terms of the individual ion partial molar counterparts without introducing any extra-thermodynamic assumption. This is achieved with the use of Kusalik and Patey's version of the Kirkwood-Buff fluctuation theory of mixtures. Moreover, the salt-and the individual ion-induced effects are connected to the solvent's electrostriction around the ions, and to the coefficients of the Helmholtz free energy expansion for dilute mixtures. The ion-induced effects are also linked to well-defined excess solvation numbers which do not rely on any choice of solvation shell radius. Finally, some theoretical implications concerning the modeling of high-temperature aqueous-electrolytes solutions are discussed.
I. INTRODUCTION
In recent years there has been an increasing consensus that the solute-induced changes in the solvent structure of an otherwise pure solvent around it, i.e., the solvation structure, plays a fundamental role in determining the thermophysical behavior of solutions. [1] [2] [3] [4] [5] [6] Perhaps this feature is most widely studied in ͑though not exclusive to͒ aqueous solutions, where the microstructural changes of water around solutes have been linked to a wide variety of solvation-related phenomena such as ion mobility and conductivity, 7 solvent electrostriction and dielectric saturation, 8 salt solubility and ion speciation, 9 electrode processes, 10 salting-in/out in mixedsolvent electrolytes, 11 antifreeze activity of certain agents, 12 the response of taste chemoreceptors, [13] [14] [15] the hydrophobicity of gas hydration, 16 and the protein folding [17] [18] [19] among others.
Numerous technological advances in separation processes rely on this phenomenon, in conjunction with the advantageous density tuning in highly compressible near and supercritical systems, to tailor the solvation behavior of species in solution according to specific needs such as removal of fat from snack food, 20 caffeine from coffee beans, 21 and nicotine from tobacco; 22 extraction of value-added components in the food industry ͑hops, essential oils, and spices͒; 22 determination of traces of pesticides in food and aromatic hydrocarbons in soil, 23 among others. Furthermore, many important industrial and natural hydrothermal processes are carried out and/or take place in high-temperature aqueous media which involve the simultaneous solvation of gases, nonpolar compounds, and salts. The description of the resulting mixtures is further complicated by the ion pairing as the dielectric screening of the electrostatic interactions changes dramatically in the highly compressible medium. [24] [25] [26] An important issue frequently overlooked in the analysis of the thermodynamic behavior of high-temperature dilute electrolyte and nonelectrolyte solutions is that associated with the coexistence of microscopic phenomena involving rather different length scales. 27, 28 In fact, the introduction of the solute, in an otherwise pure solvent, induces a finite local solvent density perturbation, i.e., the solvation structure, whose compressibility-driven propagation across the solvent is measured by the system's correlation length. The occurrence of the compressibility-driven phenomena makes these mixtures extremely challenging to model, unless we ignore them altogether, by isolating the ͑compressibility-driven͒ propagation of the density perturbation from the ͑solvation-related͒ finite-density perturbation phenomena in a rigorous and unambiguous way.
We have recently developed a statistical mechanical formalism to accomplish the separation between solvation and compressibility-driven phenomena, based on the natural splitting of the total correlation functions into their correa͒ Author to whom correspondence should be addressed.
While the Kirkwood-Buff fluctuation formalism can be applied straightforwardly to nonelectrolyte mixtures, [34] [35] [36] [37] its formal application to electrolyte systems is not trivial ͑in that individual ions must obey the electroneutrality condition, i.e., their concentration in solution cannot be changed independently͒ since correlation functions between dependent species renders indeterminate all thermodynamic properties. 38, 39 Our first objective is to formulate an analogous approach to the solvation quantities derived for nonelectrolyte systems, 28,29 based on Kusalik and Patey's version of the Kirkwood-Buff fluctuation theory of mixtures, 38 and consequently, to make explicit contact not only between the solvation structure of individual ions and its corresponding macroscopic properties, but also between the individual ion's and the salt's properties without invoking any extrathermodynamic assumption. 8, 40 Traditionally, the behavior of ions in solutions has been associated with the idea of coordination ͑solvation in general, or hydration in particular͒ number. 8, 41 While the concept of coordination number may be ͑in principle͒ meaningful, its usefulness as a descriptor of ionic behavior in solution is rather controversial because the lack of an unambiguous definition which gives rise to large discrepancies in its experimental estimates for ions or ion pairs in solution 42 ͑or they depend strongly on the method used for its measurement 8, 11, 41, 43 ͒. Yet, over the years coordination numbers for ions have played a significant role in theoretical discussions concerning the short and long range interactions of the ions with the solvent, 11, 41, 44 as well as in the development of engineering correlations.
Our second objective is to use the derived formalism to relate some ͑as yet undefined͒ measure for the ion's coordination numbers to the system's macroscopic properties, as a meaningful way to guide the development or pinpoint the defects of current macroscopic correlations for the thermophysical properties of high temperature electrolyte solutions.
This work is organized as follows: In Sec. II we derive the solvation formalism for infinitely dilute electrolyte solutions. In Sec. III we discuss its application to the individual ionic species and the resulting relations between the ion's and the salt's partial molar properties without invoking any extrathermodynamic assumption. Finally, in Sec. IV, we discuss some important theoretical implications derived from the interpretation of the solute-and ion-induced effects, in particular their connection to the coefficients of the Helmholtz free energy expansion.
II. FUNDAMENTALS
The solvation of an ionic solute ͑salt͒ C ϩ A Ϫ in a pure solvent at constant state conditions ͑constant T and either constant P or ͒ can be described by a thought experiment as follows ͑see Fig. 1͒ . We start with a system composed of a pure solvent where (ϭ ϩ ϩ Ϫ , where ϩ and Ϫ are the stoichiometric coefficients of the salt͒ solvent molecules are distinguishable ͑they are labeled solutes͒, i.e., from a residual properties standpoint this system is an ideal solution. 45 We proceed by mutating the distinguishable solvent molecules into the final ionic solute C ϩ A Ϫ to form an infinitely dilute nonideal solution. This experiment is just the realization of the so-called Kirkwood's coupling-parameter charging, 31 a process in which the original solute particles in the ideal solution ͑where solute-solvent interaction are identical to solute-solute and solvent-solvent interactions, respectively͒ are converted into the neutral ionic solute, driven by the difference of free energy ( U rϱ (T, P) Ϫ V ro (T,P)), where subscripts U and V denote solute and solvent, respectively ͑not to be confused V with ͒.
In what follows, we develop the thermodynamic expressions leading to the determination of the process' drivingforce ( U rϱ (T, P)Ϫ V ro (T,P)), and make contact with the microscopic details of the solvent structure around species in solution. We start by writing the salt ͑solute͒ residual chemical potential at infinite dilution as follows ͑see Appendix A for details͒
͑1͒
where U ϱ is the salt's fugacity coefficient, superscripts r and ϱ denote residual and infinite dilution quantities at the indicated state conditions, respectively, k is the Boltzmann constant, T is the absolute temperature, ␤ϵ1/kT, is the solvent's isothermal compressibility, P is the total pressure, v V o ϭv V o is the partial molar volume of the pure solvent such that ϭ1/v V o is its molar density counterpart, and v U ϱ is the solute partial molar volume at infinite dilution. Then, the integrand of Eq. ͑1͒ can be written in terms of direct correlation function integral ͑DCFI͒ for the saltsolvent interactions C UV ϱ ͑i.e., a descriptor of the solution microstructure͒, by invoking the following identity 38, 39 ␤v U ϱ /ϭ͑1ϪC UV ϱ ͒ ͑2͒ so that Eq. ͑1͒ becomes
Similarly, the chemical potential of the pure solvent can be written as
which, after invoking the compressibility equation
where IG ϭ␤/ is the ideal gas compressibility, C VV o is the DCFI for the solvent-solvent interactions, and the superscript o denotes a pure component property. From Eqs. ͑3͒ and ͑6͒ immediately follows that the driving-force of the thought process is given by
Because Eqs. ͑3͒, ͑6͒, and ͑7͒ involve direct correlation function integrals which remain finite even at the solvent's critical point, 35, 46 the chemical potentials and their difference, Eq. ͑7͒, are also finite quantities. The latter can also be understood by recasting Eq. ͑7͒ in terms of the composition derivative ‫ץ(‬ P/‫ץ‬x U ) T, ϱ , by invoking B5 ͑Appendix B͒, i.e.,
which, on thermodynamic grounds, is proven to be finite even at the critical point of the solvent ͑where it becomes Krichevskii's parameter according to the jargon of supercritical fluids 47 ͒. Note the striking similarity of Eq. ͑8͒ and the corresponding expressions for non-electrolyte solutions ͓e.g., Eq. ͑4͒ in Ref. 29͔ .
From a physical viewpoint, Eq. ͑7͒ or ͑8͒ represents the change of free energy in the solvation process that takes place when solvent particles are mutated toward the formation of an electroneutral solute ͑salt͒ in solution. In that context, it appears in principle intriguing that even though the difference of chemical potentials in Eq. ͑8͒ is finite at any state conditions including the solvent's criticality, the corresponding enthalpic and entropic counterparts ͑thermal partial molar properties of the solute at infinite dilution͒ are diverging quantities at the solvent's critical point. 46 That is, the divergent enthalpic and entropic contributions in ( U rϱ (T, P)Ϫ V ro (T,P)) must cancel each other. In fact their diverging contributions are actually not associated with the solvation process itself ͑local density perturbation͒ but to the propagation of the perturbation across the system ͑char-acterized by the correlation length of the solvent͒. This feature suggests that the first step toward a successful modeling of electrolyte solutions should involve the discrimination and isolation of these two contributions, i.e., solvation from compressibility-driven. By so doing, we will avoid working with implicitly diverging quantities, and consequently, all expressions will exhibit well-behaved state dependencies.
With that purpose in mind, in the following sections we first discriminate unambiguously the solvation from the compressibility-driven phenomenon and then, we derive the enthalpic and entropic expressions associated with the finite and the potentially-divergent contributions to the residual partial molar properties of the salt at infinite dilution.
A. Salt-induced local density effects
Because the most obvious manifestation of the solvation process is the solvent density perturbation around the ions in solution, we start our analysis with the statistical mechanical interpretation of the salt's partial molar volume at infinite dilution v U ϱ . According to the electrolyte version of Kirkwood-Buff's fluctuation formalism, 38 v U ϱ can be written in terms of the solvent-solvent (VV) and solute-solvent (UV) total correlation function integrals ͑TCFI͒ as follows:
where G iV ϱ(o ϩ ) highlights the fact that the ion-solvent TCFI's are discontinuous at infinite dilution as a result of the electroneutrality condition as described in detail by Kusalik and Patey. 38 ͑Note that Kusalik and Patey showed that this formalism is applicable in the current form to solutions of ions with molecular solvents in which case the molecular solvent TCFI's are interpreted as integrals over orientationalaveraged pair correlation functions.͒ Moreover, the TCFI's can be split into their direct and indirect contributions, 28 i.e.,
where
is the integral over the indirect contributions to the TCFI for the ͑ij͒ interactions, i.e., the difference between the Fourier transforms of the angle-averaged total (ĥ i j (k)) and direct ĉ i j (k) correlation functions. In addition, from Eq. ͑2͒ we have that
which substituted in the left-hand side of Eq. ͑10͒, and after some rearrangement gives
This expression simplifies significantly after invoking the compressibility expression for the pure solvent, Eq. ͑5͒, i.e.,
Therefore, the salt's partial molar volume, Eq. ͑9͒ or ͑12͒, splits unambiguously into its solvation ͑finite͒ part, i.e.,
and its compressibility-driven ͑divergent͒ part, i.e.,
where ''SR'' and ''LR'' denote short-and long-ranged contributions, meaning finite and diverging quantities, respectively. The concept of short and long-ranged contributions comes from the fact that the invoked correlation function integrals are either finite ͑DCFI͒ or diverging ͑TCFI͒ quantities, the result of volume integrals over either short-͑direct͒ or long-ranged ͑total͒ correlation functions, respectively. Note that the condition of short-and/or long-range is by no means associated with the type of intermolecular interactions involved, i.e., they are present in short-and long-ranged intermolecular potentials. Now, to focus on the significance of Eqs. ͑15͒-͑16͒ and their macroscopic manifestation, we invoke the statistical mechanical interpretation of
where r the residual isothermal compressibility of the solvent.
Thus, Eqs. ͑7͒-͑17͒ indicate that the volumetric ͑sol-vent's local density perturbation͒ effect associated with the assimilation of a solute in the solvent can be described microscopically by ͓see Eqs. ͑7͒ and ͑15͔͒
or macroscopically by
so that the driving-force of the solvation process becomes
͑21͒
On the one hand, Eq. ͑17͒ indicates that the solvation contribution to the salt's partial molar volume v U ϱ (SR) ͑see Sec. III for the case of individual ions͒ is measured by the isothermal-isochoric ͑finite͒ pressure change associated with the distortion of the solvent structure around the species in solution relative to that around any solvent molecule ͑solute-induced effect͒. On the other hand, Eq. ͑18͒ indicates that v U ϱ (LR) accounts for the propagation of this solute-induced effect, characterized by the solvent's correlation length 48 ϰ 0.5 so that even though the amplitude of the solvent's density perturbation ‫ץ(‬ P/‫ץ‬x U ) T, ϱ remains finite, the propagation distance ͑as well as the solvent isothermal compressibility and the salt's thermal partial molar properties͒ will diverge at the solvent's critical point.
B. Salt-induced local enthalpy effects
Here we derive the expressions for the enthalpic effects associated with the volumetric solute-induced effects, i.e., Eq. ͑15͒. With that purpose we invoke the thermodynamic relation for the solute partial molar enthalpy at infinite dilution 49 h U rϱ ϭ͑‫␤͑ץ‬ U rϱ ‫͒␤ץ/͒‬ P ͑22͒ so that, from Eqs. ͑1͒ and ͑22͒ we have ͑see Appendix C for details͒
Finally, the enthalpy solute-induced effect becomes
or the alternative expression ͑C11͒ given in Appendix C.
C. Salt-induced local entropy effects
The expressions for the entropic effects associated with the volumetric and enthalpic solute-induced effects, i.e., Eqs. ͑15͒ and ͑26͒, are straightforwardly obtained as follows:
with ͑see Appendix C for details͒
Thus, the salt-induced local entropic effect becomes
or the alternative expression ͑C17͒ given in Appendix C. In summary, we can now show that the driving force of the thought experiment is entirely defined by the finite solute-induced effects, e.g., from Eqs. ͑7͒, ͑26͒, and ͑30͒ we have that
where the asterisks indicate that the residual properties are defined at constant density and temperature ͑as opposed to constant pressure and temperature, see Appendix E͒, i.e., there is no contribution from the compressibility-driven portions of the solute-solvent and solvent-solvent correlations. Note also that these solute-induced effects can be written in terms of the corresponding macroscopic properties of the system as indicated in Appendix C.
III. RELATION BETWEEN INDIVIDUAL IONS AND SALT PROPERTIES
Due to the physical requirement of charge neutrality, the partial molar properties of the salt are the measured thermodynamic properties rather than the corresponding properties of the ions. However, because individual ions are typically the actual species in solution, their properties rather than the salt's are of interest in many situations. 8, 40, 50 The individual ion properties in solution are usually required for the interpretation of a number of electrolyte phenomena involving specificity of the ion behavior such as in the ion binding at proteins, differential ion permeability of membranes, differential ion behavior in phase-transfer reactions and ionexchange processes, electrode processes and adsorption at interfaces, among others. 10, 40 Up to this point we have analyzed the salt's partial molar properties at infinite dilution, and in particular, the salt partial molar volume which diverges at the solvent's critical point. Note however that, though well-defined, the salt's properties are actually a combination of their anion and cation individual contributions, i.e., individual properties that are calculated from experimental results under extrathermodynamic assumptions which give rise to frequent disagreement among different methods. 40, 50 In addition, since the solvation process involves in fact the perturbation of the solvent structure around the individual ions ͑rather than the salt͒, it is essential to study the solvent structure around each ion and relate its behavior to the hypothetical salt species. ͓It should be emphasized that the development throughout this paper is at infinite dilution of the ions, conditions at which the ions are fully dissociated ͑see Figs. 9 and 10 of Chialvo et al. 51 ͒. At finite concentrations, a high degree of ion pairing will occur and the physical aspects of ion pairing will be reflected in the structural properties. However, we do not consider this case in the present paper.͔ For reasons that will be clearer below, we start our analysis with the salt's partial molar volume at infinite dilution. For a salt C ϩ A Ϫ we have that
where v i ϱ is the partial molar volume of the ion i at infinite dilution. Consequently, according to Eq. ͑12͒ we can also write
where we have invoked the identity C UV
. 38 A direct comparison between Eqs. ͑32͒ and ͑33͒ might suggest that the individual partial molar volume of an ion i is given by
unless v i ϱ involves terms which cancel each other in Eq. ͑33͒. This is precisely what the corresponding KirkwoodBuff expression for the ion partial molar volume at infinite dilution ͑the solution of an individual ion in the solvent, i.e., there is no electroneutrality imposed͒ indicates
where ⑀ is the solvent dielectric constant, q i is the ion charge, is the solvent's dipole moment, and c 00;VV 101 (r) is the r-dependent ͑101͒ coefficient of the rotational invariant expansion of the solvent-solvent direct correlation function. 53 Because Eq. ͑36͒ involves only the solvent properties and the ion charge; the electroneutrality conditions indicates that
i.e., their contributions cancel out in v U ϱ . The interesting feature about Eq. ͑35͒ is that it allows us to analyze the local solvent density perturbation around individual ions, and therefore, their contribution to the integrand of Eq. ͑7͒. To make this connection explicit we start with the definition of ‫ץ(‬ P/‫ץ‬x U ) T, ϱ ͓Eq. ͑B5͔͒, where we replace C UV ϱ by its equivalent ( ϩ C ϩV ϱ ϩ Ϫ C ϪV ϱ ), 38 i.e.,
where we have invoked Eq. ͑37͒ in the second line of Eq. ͑38͒. In addition, by recalling that (x ϩ / ϩ )ϭ(x Ϫ / Ϫ ) ϭx U , the left-hand side of Eq. ͑38͒ can be written as
so that from Eqs. ͑38͒-͑39͒ the ionic component of the composition derivative ‫ץ(‬ P/‫ץ‬x U ) T, ϱ in terms of DCFI's becomes
or, alternatively, in terms of the corresponding TCFI's as
Equations ͑38͒-͑41͒ indicate that the experimentally determined Krichevskii's parameter for electrolyte solutions 39, 46 is actually a linear combination of those corresponding to the individual ions constituting the salt. An immediate consequence of the definition of ‫ץ(‬ P/‫ץ‬x i ) T, ϱ , Eq. ͑40͒ or ͑41͒ is that we are able to define the solvation thermodynamics of the individual ions constituting a neutral salt in terms of the corresponding ion-induced effects, i.e., the ionic counterparts of the solute ͑salt͒-induced effects given by Eqs. ͑19͒, ͑26͒, ͑30͒ and related ones ͑see Appendix D͒, such that the corresponding free energy driving force is given by
Then, according Eqs. ͑1͒, ͑3͒, and ͑32͒ we have that
Note that the expressions for the ion-induced effects ͑as opposed to the salt-induced effects͒ are identical to those for the solute-induced effects in nonelectrolyte solutions.
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IV. DISCUSSION AND CONCLUSIONS
The composition derivative ‫ץ(‬ P/‫ץ‬x i ) T, ϱ , where i is either an individual ion or the neutral salt, plays a central role in this solvation formalism. From a microscopic viewpoint, it represents the magnitude ͑direct correlation contribution͒ of the solvent's local density perturbation induced by the presence of the solvated species ͓Eq. ͑20͒ and the ionic counterpart given below͔. However, there is a more intuitive and yet statistical mechanically rigorous interpretation for this derivative, which is also more closely related to traditional views in electrolyte solutions; the idea of coordination, solvation, or hydration numbers ͑hydration structure͒. 8, 11, 41 In fact, we can define the excess number N i,ex ϱ (R) for the ion i
This function, Eq. ͑44͒, gives the number of solvent molecules around a species in solution, in excess ͑augmentation or depletion͒ to that number around any solvent molecule, i.e., the case of a solute in an ideal solution. In other words, it gives an indication of the relative affinity of the solvent for the species in solution. 34 From ͑D1͒ to ͑D8͒ and Eq. ͑45͒ we have immediately that
Furthermore, by invoking ͑D5͒-͑D8͒, follows that ͑47͒ whose solvation and compressibility-driven contributions can finally be written as
and
From Eqs. ͑38͒-͑39͒ and ͑46͒-͑49͒ follows immediately that
͑50͒
where N U,ex ϱ (SR) and N U,ex ϱ (LR) are the salt counterparts of Eqs. ͑48͒-͑49͒. Because the solvent isothermal compressibility is positive definite, the function N i,ex ϱ ͑for iϭϩ,Ϫ,U), defines unambiguously the sign of the corresponding partial molar volume ͓see ͑D8͒ and ͑B3͔͒.
The interpretation of Eqs. ͑47͒-͑49͒ suggests that if we wish to use coordination numbers as descriptors of ion sol-vation, they should be defined and assessed according to the statistical mechanical expressions derived above, because they are rigorously connected to other thermophysical properties. Note that the v i ϱ (SR), N i,ex ϱ (SR), and related quantities can be straightforwardly determined in terms of the isothermal compressibility of the pure solvent and the corresponding infinite dilution partial molar volume of the species under consideration ͑individual ion or salt͒ as follows:
with similar expressions for the ion counterparts ͓but using ϭ1 in Eqs. ͑51͒-͑52͔͒. Note that N i,ex ϱ (SR) does not convey the picture of coordination in the traditional sense, i.e., as the geometric arrangement of solvent molecules around a central species, but the idea of solvent molecules directly correlated with the central species in excess over that in which the central molecule is also a solvent ͑ideal solution͒. In this context, N i,ex ϱ (SR) is not directly linked to the conventional NMR, EXAFS, neutron or x-ray diffraction measurements. 11, 54 Another important phenomenon associated with ion solvation is the so-called electrostriction, 8, 41 typically defined as the volume change caused by the ͑inhomogeneous͒ electric field gradient around charged species, which increases the local density of dipolar species ͑solvent͒ in the region of highest field strength. 55 The net effect is a tension in the local environment of the charge species, analogous to the application of a local pressure. This effect manifests as a change of solvent structure around the ions, i.e., with respect to the original structure around any solvent particle ͑see Sec. 2.4.5 in Bockris and Reddy 41 ͒. Therefore, it appears natural to suggest, within the context of the introduction of Desnoyers et al.'s paper, 56 the ͑minus͒ volumetric ion-induced effect as an unambiguous measure for electrostriction, i.e.,
The idea behind his suggestion hinges upon the fact that the origin of electrostriction is the breaking of the pure solvent structure ͑structure of the ideal solution͒ in the formation of the solvation structure around the ion, whose volumetric manifestation is the local density perturbation given by Eq. ͑20͒. This interpretation of electrostriction is appealing because it does not rely on any specific definition of solvation shell ͑number͒ or intrinsic ion volume, 56 yet, it is microscopically-based and rigorously connected to welldefined solvation quantities.
A genuine criticism about the volumetric interpretation of electrostriction usually given in the literature ͓for instance, Eq. ͑1͒ in Chap. 25 of Conway's book, 11 and the Introduction of Desnoyers et al.'s paper 56 ͒ is that related to the diverging partial molar volume of the ion at infinite dilution at the solvent's critical point. Consequently, the electrostrictive pressure corresponding to this unbounded volumetric change also becomes divergent, i.e., an unrealistic situation resulting from the compressibility-driven portion of the partial molar volume and associated with the propagation of the local density perturbation as discussed in Sec. II.
Finally, it is also enlightening to make another interpretation for the so-called solute or salt-induced effects. Within the framework of the mixture Helmholtz free energy  A(T,V,N) , we can define its residual value per particle of solution, i.e., a r ϵ(͓A(T,V,N)ϪA
. By comparing Eqs. ͑54͒ and ͑20͒ we find that the coefficient a vx rϱ of the Helmholtz free energy series expansion is simply kT times the volumetric salt-induced effect, i.e.,
so that, from ͑E8͒ and ␤ϭ(kT) Ϫ1 , we have
which, after invoking ͑B5͒ and comparing with ͑E6͒, tells us that the coefficient a Tx rϱ of the Helmholtz free energy expansion is given by a combination of the entropic and the volumetric salt-induced effect, i.e.,
͑58͒
Thus, according to Eqs. ͑55͒-͑58͒, these coefficients are always finite but not completely independent. In summary, the proposed molecular-based formalism for infinitely dilute supercritical electrolyte solutions establishes rigorous connections between the microscopic behavior of the solvent around individual ionic species and their macroscopic solvation behavior. The formalism relies on the unambiguous splitting of the mixture's properties into finite ͑short-ranged͒ and potentially-divergent ͑long-ranged͒ contributions, associated with the corresponding solvation and compressibility-driven phenomena, respectively. The salt partial molar properties are interpreted in terms of their individual ion counterparts without introducing any extrathermodynamic assumption, and the individual ion-induced effects are connected to the solvent's electrostriction around the species in solution as well as to the coefficients of the Helmholtz free energy expansion for dilute mixtures. 
APPENDIX A: DERIVATION OF EQUATION "1…
The residual chemical potential of a salt in terms of density and temperature is determined from the corresponding Helmholtz free energy, as follows. The residual Helmholtz free energy of the solution at temperature T, total volume V, and total number of particles NϭN V ϩN U is given by 49 
A͑T,V,N
After invoking the definition of chemical potential
and consequently, from ͑A1͒ to ͑A3͒ and after recalling that PϭNkT/V IG , we finally obtain
Alternatively, we can express ͑A4͒ in terms of densities and mole fractions, by invoking ͑B4͒, i.e.,
where r is the residual compressibility of the system, and x V ϩx U ϭ1, with x i ϭ(N i /N) and iϭU,V. Likewise, by invoking ͑B3͒, ͑A5͒ becomes
APPENDIX B
Let us take the total volume of the solution as V ϵV(T, P,N V ,N U ), so that, according to the chain rule for derivatives we can write
and immediately rearrange it to read
where ϭ1/v V o ϭ1/v V o is the number density of the pure solvent.
By the same approach we can define vϵV/N ϭv(T, P,x U ), with x V ϩx U ϭ1, such that
Thus, from ͑B2͒ and ͑B3͒ we can obtain
Now, by recalling the statistical mechanical expressions for v U ϱ and , i.e., Eqs. ͑2͒ and ͑5͒, we can finally write
Thus, from Eq. ͑20͒
and, from Eqs. ͑17͒ and ͑18͒
APPENDIX C: DERIVATION OF EQUATIONS "24…-"26…
The salt's residual partial molar enthalpy h U rϱ (T, P) is derived from Eq. ͑1͒ by invoking the following thermodynamic relations:
According to Eq. ͑3͒, the first term in ͑C2͒ can now be written as follows:
where is the solution fugacity coefficient, and NϭN V ϩN U . Therefore, after combining ͑B1͒-͑B4͒ we obtain the desired expression
Now, by substituting v U ϱ by its two contributions given by Eqs. ͑15͒-͑16͒, ͑C5͒ can be written as follows:
Likewise, the solvent's residual ͑partial͒ molar enthalpy becomes
so that the solute-induced local enthalpy effect can be written as
or, alternatively, in terms of the volumetric solute-induced effect ͓Eq. ͑19͔͒, as follows:
͑C11͒
Finally, the salt's residual partial molar entropy is obtained from Eqs. ͑C5͒ and Eq. ͑1͒, i.e.,
Similarly, from Eqs. ͑6͒ and ͑C9͒ the solvent's residual molar entropy becomes
so that the solute-induced local entropic effect can be written as
or, alternatively, in terms of the volumetric solute-induced effect ͓Eq. ͑19͔͒, as follows: Now, by following the strategy developed in Appendix C, we can also determine the ion-induced effects. The final expressions are just similar to those for the salt, after replacing the subindex U for iϭϩ,Ϫ, and making ϭ1. 
͑E8͒
and its temperature derivative reads
